ABSTRACT: Data from a 3-yr feeding trial of crossbred steers (n = 331) were used to examine the relationship between feeding behavior traits and feed efficiency in steers fed grower and finisher diets, successively. There were 2 feeding periods each year whereby the steers were fed a grower diet in the first feeding period (P1) and a finisher diet in the second feeding period (P2). Each feeding period lasted for a minimum of 10 wk, ad libitum. In addition to feed intake, records on 3 measures of feeding behavior [feeding duration (FD), head-down time (HDT), and feeding frequency (FF)] were collected using the GrowSafe feeding system. Residual feed intake (RFI) was calculated by regression, after which the steers were classified as low (<0.5 SD), medium (±0.5 SD), or high (>0.5 SD) from the mean. The steers had greater (P < 0.001) FD, HDT, and FF when the grower diet was fed but greater feeding rate (FR) when the finisher diet was fed. Including the measures of feeding behavior as covariates to the feed intake prediction model containing ADG, metabolic midweight, and ultrasound backfat accounted for more variation in DMI than models that did not contain these additional parameters. The FD and HDT were significantly different (P < 0.05) among the RFI classes regardless of the feeding period, whereas no differences (P > 0.90) were found for FR among the RFI classes. For the growing period and finishing period, respectively, FD had phenotypic correlations with HDT (0.79, 0.83), FF (0.14, 0.55), DMI (0.38, 0.34), and FR (−0.34, −0.21). Heritability estimates in P1 and P2 for FD, HDT, and FF were 0.25 ± 0.16, 0.14 ± 0.11; 0.14 ± 0.15, 0.09 ± 0.10; and 0.56 ± 0.19, 0.59 ± 0.18, respectively. Genetic correlations between P1 and P2 were 0.91 ± 0.26, 0.93 ± 0.37, and 0.94 ± 0.11 for FD, HDT, and FF, respectively. The results suggest that it may be appropriate to include feeding behavior traits as covariates to indicate measure(s) of animal activity in the calculation of RFI. Feeding behavior phenotypes were greater during the grower-fed period than the finisher-fed period. During these feeding periods, efficient steers exhibited fewer FF, shorter FD, and shorter HDT than inefficient steers.
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INTRODUCTION
The relationships among feed intake and feeding behavior traits [feeding duration (FD), head-down time (HDT), and feeding frequency (FF) or visits] have been reported in cattle (DeVries et al., 2005; Nkrumah et al., 2007; Azizi et al., 2009; Bingham et al., 2009) . Feeding behavior traits can account for up to an additional 35% of the total variation in DMI to those contributed by ADG, metabolic midweight (MWT), and ultrasound fat measurements . This means that they can potentially provide additional information that will give us a better understanding of the biological and physiological mechanisms surrounding residual feed intake (RFI) variation ). In addition, Nkrumah et al. (2007) added that measures of feeding behavior could be used as indicator traits for feed efficiency performance.
Growing calves are fed different feed compositions, but most literature on feeding behavior traits in feedlot cattle have been carried out using the finisher diet. Gibb et al. (1998) reported that feeding behavior for individual animals was usually consistent throughout a test period. Nevertheless, not much is known about the consistency of feeding behavior across feeding regimens especially for steers that transition from a backgrounding diet to a finishing diet. In addition, measures of feeding behavior may help to explain how animals adapt to different diets (Abijaoude et al., 2000) . The objectives of the study were to examine 1) whether feeding behavior was the same when feedlot steers were fed a grower vs. a finisher diet; 2) whether differences in feeding behavior traits of steers were consistent among the different efficiency classes regardless of the feeding period; and 3) whether the feeding behavior traits measured in different feeding periods have a genetic correlation of unity.
MATERIALS AND METHODS
The steers used in this study were cared for according to the Canadian Council on Animal Care (CCAC, 1993) guidelines.
Animals and Management
Crossbred steers (n = 331) were used in a 3-yr feeding trial conducted at the University of Alberta ranch at Kinsella, Alberta, Canada, from 2006 to 2009. The steers were born in the spring of 2006, 2007, and 2008 from 44 crossbred sires mated to 265 crossbred dams on pasture. The crossbred dams were crosses between Angus or Charolais bulls and composite dams generated from 3 synthetic cattle lines namely Beef Synthetic 1, Beef Synthetic 2, and Dairy × Beef Synthetic (Goonewardene et al., 2003) . The crossbred sires were bulls selected from crosses between crossbred, Angus, or Charolais bulls and the crossbred dams.
Upon arrival at the test facility, each steer was tagged with a radio frequency transponder button (half duplex RFID, Alflex USA Inc., Dallas/Ft. Worth Airport, TX) in its right or left ear; the transponder was located 5 to 6 cm from the base of the ear, with the transponder button on the inside part of the ear. Feed and clean drinking water were offered ad libitum throughout the test periods. There were 2 feeding periods each year. The first feeding period (P1) ran from November to January. The minimum number of days on test was 79 d. During this period, the steers received a grower diet composed of approximately 74% oats, 20% hay, and 6% feedlot supplement. The grower diet had an ME content of approximately 2.6 Mcal/kg. The second feeding period (P2) ran from February to May (minimum number of days = 71). The steers received a finisher diet that contained approximately 10% alfalfa pellets, 28% oats, 57% barley, and 5% feedlot supplement, whereas the ME content was approximately 2.9 Mcal/kg. There were 175, 84, and 72 steers, respectively, for test-years 1, 2, and 3, respectively. The steers were adjusted to their trial rations during a pretest adjustment period of at least 21 d. This initial adjustment period enabled the animals to acclimate to the GrowSafe feeding units and test rations. At the end of P1, a 14-d adjustment period was allowed before the commencement of feed intake data collection for the P2. During this period, the diet was adjusted from the grower to the finisher diet.
Data Collection
The BW of all steers were measured once every 2 wk throughout the test periods. Ultrasound backfat (UBF) thickness was measured at the beginning and at the end of the feeding period with an Aloka 500V realtime ultrasound with a 17.5-cm 3.5-MHz probe (Overseas Monitor Corporation Ltd., Richmond, British Columbia, Canada). Feed intake measurements were taken with the GrowSafe feeding system (GrowSafe Systems Ltd., Airdrie, Alberta, Canada). The system consists of radio frequency identification (RFID) tag on each animal, 20 feeding units located in a covered feeding shed, a data logging reader panel, and a computer that contained the data acquisition software. Each feeding unit consisted of a feed tub balanced on 2 load bars and an antenna embedded in the rim of each tub.
The antenna detects and identifies each steer via electromagnetic waves. The system then records the amount of feed consumed as well as feeding behavior as each steer eats from any feed bunk. Data generated from the feeding units are stored in the data logging reader panel. The data are transferred wirelessly to the personal computer located about 100 m away. The GrowSafe data acquisition and analysis software in the computer converts the data into readable formats for subsequent analyses. For data integrity and quality control purposes, the GrowSafe system has an internal audit system that calculates the daily assigned feed disappearance (AFD) for each feeding node. The system reconciles the total daily feed delivered to each bunk with the sum of the daily consumption of each steer. The AFD should be sufficiently high (>95%) for the data from each day to be included for data analysis. Data collected on the days that had low AFD were excluded from all analyses.
Trait Derivations, Statistical and Genetic Analyses
All traits were calculated within each feeding regimen. The ADG, initial BW, and mid-test BW of each animal were calculated from the regression coefficients of the linear growth path of each animal using the GLM procedure (SAS Inst. Inc., Cary, NC). The mid-test BW was converted to MWT by BW 0.75 . Daily feed intake (as fed) was the average feed intake for valid test-days. This was multiplied by the DM content of the feed to derive the DMI for each steer. The DMI was standardized across diets and years to 10 MJ ME•kg −1 of DM. Expected DMI was obtained as a regression of standardized DMI on ADG, MWT, and UBF using PROC GLM of SAS. The ME of each diet was estimated with the CowBytes ration balancing software (Alberta Agri-culture and Rural Development, Edmonton, Canada). The residuals from the equation (shown below) were assigned as RFI,
where, for each animal, Y j is the standardized DMI, β 0 is the regression intercept, β 1 is the ADG regression coefficient, β 2 is the MWT regression coefficient, β 3 is the UBF regression coefficient, and e j indicates the residuals (RFI). Each steer was assigned to an RFI class based on 0.5 SD greater than or less than the mean. There were 3 RFI classes: low (RFI <0.5 SD), medium (±0.5 SD), and high (>0.5 SD) from the mean.
Apart from feed intake, the measures of feeding behavior collected on a daily basis by the GrowSafe System include FD, HDT, and FF collected within feeding events. A feeding event is an uninterrupted detection of the transponder of a steer (Basarab et al., 2003) . Feeding interruptions could be the presence of another steer at the same bunk or if the difference between the last 2 RFID reads on the same steer was greater than 300 s. The total number of individual feeding events is the FF. The FD was the total time spent within each feeding event. It was the difference between the first and last RFID reads for any steer for any feeding event. It could also be regarded as the length of time animals spent in feeding-related activities at the bunk. These may include eating, chewing, licking, and socializing (Nkrumah et al., 2007) . The HDT was calculated as the number of times the RFID of a particular steer was read by the system multiplied by the scanning time (1 s). The feeding rate (FR) is the ratio of total daily DMI to the total daily FD. The head-down per feeding duration (HDD) was the ratio of the total daily HDT to the total daily FD, whereas the head-down per visit (HDV) was the ratio between the total daily HDT and the total daily FF. The HDD and HDV indicate the intensity of feeding activities at the bunks.
The feeding behavior traits (FD, HDT, and FF) were progressively included in the model containing ADG, MWT, and UBF to identify extra variation in DMI accounted for by the feeding behavior traits. Differences between the observations for feeding behavior traits in the grower-fed and the finisher-fed periods were subsequently analyzed using the PDIFF option and the Tukey test in SAS GLM procedure where the fixed effects were year of test and the breed of sire, whereas the age at the beginning of test was a linear covariate.
Genetic analyses were implemented in ASReml (Gilmour et al., 2008) 
where y 1 and y 2 are the vectors of phenotypic measurements for traits measured in the grower-fed (length = N 1 × 1) and finisher-fed (length = N 2 × 1) periods, respectively; X 1 and X 2 are incidence matrices relating the fixed effects to records y 1 and y 2 , respectively; b 1 and b 2 are vectors of fixed effects (year and sire-breed) in the grower-fed and finisher-fed periods, respectively; Z 1 and Z 2 are incidence matrices relating the phenotypic observations to the vectors of polygenic (a) effects for the grower-fed and finisher-fed periods, respectively; and e 1 and e 2 are vectors of random residuals in the grower-fed and finisher-fed periods, respectively. The expectations and variances were 
where a and e were assumed to be normally distributed with mean of zero and (co)variances Aσ Genetic correlations were determined as the ratio between the genetic covariance and the product of the genetic SD in both feeding periods. The phenotypic correlations were determined in a similar manner but with phenotypic parameters. Table 1 shows the least squares means for the traits studied during the grower-fed and finisher-fed regimens. Even though the finisher-fed regimen had greater (P < 0.001) DMI, ADG, MWT, and UBF, the grower-fed regimen had greater (P < 0.0001) FD, HDT, FF, HDV, and HDD than the finisher-fed regimen. The FR was greater in P2. Including FD, HDT, or FF increased the R 2 of the model containing ADG, MWT, and UBF (Table 2 ). In the grower-fed regimen, the base model was improved by additional 4 and 6% when FD and HDT, respectively, were included. During the finisherfed phase, R 2 improved by 6, 9, and 13%, respectively, for the FF, FD, and HDT.
RESULTS
There was no difference (P > 0.13) among the 3 RFI classes in either the grower-fed or the finisher-fed regi-mens for ADG, MWT, and UBF, as expected (Table  3) . Within the grower-fed and finisher-fed groups, all RFI classes were significantly different (P < 0.03) from each other for FD and HDT. However, there were no differences (P > 0.68) among the RFI classes for FR. In the grower-fed regimen, there was no difference (P = 0.07) between the low RFI class and the medium RFI class or between the medium RFI and high RFI classes (P = 0.31) for FF, but the low RFI class steers had fewer (P = 0.002) visits than the high RFI class. There was also no difference (P = 0.30) between the medium and the high class for HDD, but they were significantly different (P < 0.0001) from the low RFI class. There were no differences (P = 0.23) among the 3 RFI classes for HDV. For the same grower-fed regimen, steers in the low RFI class had the smallest values for all measures of feeding behavior, whereas those in the high RFI class had the greatest. There were also significant differences (P < 0.006) among the 3 RFI classes within the finisher-fed regimen for HDV and HDD. Steers in the low RFI class for these measures had smaller values than the medium or high classes, whereas the low class had significantly fewer (P < 0.0007) FF than either the medium or the high-RFI class. Table 4 shows the phenotypic relationships between the feeding behavior traits and DMI for the grower-fed and finisher-fed periods. All the feeding behavior traits in the grower-fed period were positively (at least 0.50) correlated with those measured during the finisher-fed period. In both periods, FD had positive phenotypic correlations with HDT, FF, and DMI but had a negative correlation with FR. The HDT had a positive correlation with FF and DMI but a negative correlation with FR in both periods as well. The relationship between FR and FF was positive but was greater during the grower-fed period. The FR had a low and negative relationship with DMI in both periods. Large variability in the grower-fed period may have prevented convergence of the remainder of bivariate analyses for RFI. During the finisher-fed period, RFI was correlated with FD (0.41 ± 0.05), HDT (0.52 ± 0.04), and FF (0.19 ± 0.06) but unrelated to FR (−0.06 ± 0.06).
The genetic correlations (Table 5 ) between the feeding behavior traits measured in the grower-fed period and the finisher-fed period were high and positive. The SE were generally larger than those from the phenotypic correlations. The genetic correlations between the grower-fed period and the finisher-fed period for FD, 1 HDV = head-down time•visits −1 ; HDD = head-down time/feeding duration; RFI = residual feed intake; MWT = metabolic midweight; UBF = ultrasound backfat thickness.
2 The P-value of the difference between the traits measured in the grower-fed period and the finisher-fed period. Table 2 . Multiple coefficient of determination (R 2 ) for DMI models that include various feeding behavior phenotypes HDT, and FF were greater than 90%. The FR had decreased genetic correlations (between the 2 feeding periods), but the values were greater than 85%. During both periods, FD had positive genetic correlations with HDT and FF, but the correlations with FR and DMI were negative. The HDT was negatively correlated with FR and DMI in both periods as well. Positive correlations were observed between HDT and FF in both periods, but FR was correlated (negatively) with DMI in the grower-fed period alone. During the finisher-fed period, RFI was correlated with FD (−0.57 ± 0.55), HDT (−0.50 ± 0.85), FR (0.18 ± 0.31), and FF (−0.29 ± 0.36).
Apart from FD and HDT, the heritability estimates (Table 6 ) of FR and FF were greater (numerically) in the finisher-fed period than in the grower-fed period. The phenotypic variances were greater during the grower-fed period than in the finisher-fed period.
DISCUSSION
Various studies have incorporated radio frequency technology to examine and monitor the health, feed intake, and feeding behavior of an animal (Gibb et al., 1998; Sowell et al., 1998; Basarab et al., 2003; DeVries et al., 2003; Nkrumah et al., 2007) . The GrowSafe system is a validated tool for feed intake and feeding behavior data collection, and its results agree with visual measurements (DeVries et al., 2003) . Most reports of the relationship between feeding behavior and feed intake or feed efficiency have used finishing diets. This is the first study (to the best of our knowledge) that has examined the relationship among intake, RFI, and feeding behavior traits when 2 different diets were fed successively to a cohort of beef steers. Understanding the relationships between feeding behavior traits measured under different diet regimens may inform us about their performances under actual production timelines. The effect of some factors such as age, BW, or season of feeding may not be excluded from this study because these steers were older and larger in the second period (finisher diet). This study had focused on feeding activities typical in the beef industry where steers meant for finishing receive a backgrounding diet before an energy-dense finisher diet.
This study supports the findings of Lancaster et al. (2009) who reported that including feeding behavior traits (meal duration and meal frequency) in a model containing ADG, MWT, and ultrasound traits improves the proportion of variation in DMI explained by the explanatory variables. Other reports indicate that DMI (in cows) is affected by feeding behavior, which may be influenced by external factors such as management, environment, health, and social activities (Grant and ; HDD = head-down time/feeding duration; RFI = residual feed intake; MWT = metabolic midweight; UBF = ultrasound backfat thickness. The classes were assigned as low = RFI <−0.5 SD less than the mean, medium = RFI ± 0.5 SD greater than and less than the mean, and high = RFI >0.5 SD greater than the mean. As much as 33% of total ME derived from some forages can be expended in feeding activities such as eating, chewing, and ruminating ). The longer FD, longer HDT, greater FF, and reduced feed intake observed in the grower-fed regimen may be associated with the particle size of the grower diet. Zebeli et al. (2009) reported that the length and size of feed particles may have some influence on the feed intake of an animal. Other studies have also associated long particle lengths with reduced DMI (Bradford and Allen, 2007; Zebeli et al., 2008) . Greter et al. (2008) reported that feed intake decreased with the addition of straw, whereas Zebeli et al. (2009) suggested that decreased DMI might have arisen from longer mean retention time of the digesta.
The inclusion of hay in the grower diet may have also favored sorting, which might increase feedingrelated activities such as longer eating time. Similar observations were reported by Lancaster et al. (2009) in which the bulls fed a less energy-dense diet containing cottonseed hulls had greater meal duration (118 vs. 85 min) and meal frequency (8.66 vs. 7.74) than the bulls fed the energy-dense diet without the cottonseed hulls. Zebeli et al. (2009) also reported that dairy cows sorted against long particle lengths, whereas Greter et al. (2008) found that sorting increased in dairy heifers with increasing straw in the diet. The addition of straw (Greter et al., 2008) or hay (Bae et al., 1981) in diets increases the feeding time in cows as well. In goats, Abijaoude et al. (2000) reported that longer eating and ruminating time were associated with feeding a greater amount of forage to goats. On the other hand, the amount of digesta in the reticulo-rumen and the rate at which the forages are broken down by mastication or in the rumen may also influence feeding-related activities (Lindström and Redbo, 2000) .
In addition to a larger body size, the greater FR observed in the finisher-fed period may have contributed to the greater overall intake of the steers during this period. On the contrary, slower eating rate was attributed to longer chewing and rumination time in dairy heifers fed a diet containing straw (Robles et al., 2007; Greter et al., 2008) . Golden et al. (2008) reported no differences in the average daily eating rate between efficient and inefficient crossbred Angus steers. Other reports have shown that increased average meal size in high-producing cows contributed to the greater DMI even though the FD was shorter (Dado and Allen, 1994; Azizi et al., 2009) . Animals may use shorter eating time to control ruminal disorders (Abijaoude et al., 2000) that may result from rapid ingestion of concentrates (Krause and Oetzel, 2006) .
The reports on FF and diet type were inconsistent. Contrary to the findings in this study, Zebeli et al. (2009) reported increasing frequency of visits per meal with reduced feed particle size. Friggens et al. (1998) reported that feeding a high-concentrate total mixed ration was associated with fewer visits and greater intake per visit than cows fed a low-concentrate total mixed ration. Azizi et al. (2009) investigated feeding behavior differences in primiparous and multiparous cows with different levels of milk yield (high and low). Their study found no difference in feeding visits and FD between the high and low milk yield in either the primiparous or mulitparous group. Miron et al. (2004) did not find any significant difference for bunk visits in cows fed soy hulls or barley grain supplements. Table 6 . Heritability ± SE of the feeding behavior traits in the grower-fed and finisherfed periods Table 5 . Genetic correlations among feeding behavior traits and DMI in the grower-fed (above the diagonal) and the finisher-fed periods (below the diagonal) Competition at the bunks may influence feeding behavior traits. However, there were no observed indicators of competition at the bunks in this study. The steers were fed ad libitum and were provided with sufficient feeding bunks throughout the test. Proudfoot et al. (2009) reported no effect of competition on daily FD, bunk visits, FR, and feed intake in primiparous dairy cows. Nevertheless, competition increased the frequency of visits in multiparous cows, and also reduced FD and DMI in the week before calving. After calving, the cows compensated for competitiveness by increasing the FR.
The results from this study for the finisher-fed period were similar to those reported by Nkrumah et al. (2007) for FD and HDT. The FF for the low, medium, and high RFI classes (according to their reports) were 27, 30, and 32 visits•d −1 , respectively. Nkrumah et al. (2007) reported significant differences among all RFI classes. The study did not find any difference between the medium-RFI and high-RFI classes. The authors used meal events as the basis for calculating the feeding behavior traits, whereas calculations in this study were based on feeding events. A meal event in the Growsafe system is usually longer than a feeding event because a feeding event is limited to feeding sessions at any particular bunk at any time, whereas meal events may occur at several bunks. A meal event could consist of several feeding events. From other reports, Kelly et al. (2010) also did not find any difference among the FD for high-, medium-, and low-RFI heifers, but Golden et al. (2008) reported that inefficient steers had more daily eating bouts than the efficient ones; nevertheless, the results may be biased because they used very few animals (<10) in each class.
The relationship between the feeding behavior traits and RFI classes may imply that these measures of feeding behavior may be used as indicator traits for feed efficiency. In agreement with the results from this study, Nkrumah et al. (2007) reported that feed-efficient steers had fewer observations of feeding behavior than inefficient steers. These results support the suggestion that low-RFI steers use less energy in their feeding activities. In addition to other physiological differences, efficient steers minimize energy expenditure through various mechanisms that may avail them with greater ME for growth and production. Lancaster et al. (2009) reported no difference among the efficiency classes for FR but found significant differences among the low, medium, and high classes, respectively, for meal duration (92, 99, and 107 min•d −1 ) and HDT (42, 45, ). For FF, the low (7.3 visits•d −1 ) and medium (7.6 visits•d −1 ) classes were not significantly different from each other but were significantly different from the high class (8.2 visits). Their reports were less than the FF reported here.
Contrary to most reports on measures of feeding behavior, Bingham et al. (2009) reported greater HDT in the low-RFI Brangus heifers (152 min/d) compared with those in the high-RFI class (124 min/d). They found no difference in the meal duration or the meal frequency between the high-and low-RFI classes. On the other hand, they found significant differences in FR between the high-(50 g/min) and low-RFI (42 g/min) classes. The meal durations reported by Bingham et al. (2009) were greater than most reports in the literature, including this study. They explained that heifers attend feed bunks more frequently and spend more time at the bunks than steers (Schwartzkopf-Genswein et al., 2002) .
The correlations between those measured in the grower-fed period and finisher-fed period will indicate if the performance on a grower-fed period could be used to predict a subsequent performance on another diet regimen. Genetic correlations indicate whether the traits are influenced by the same set of genes. When the same trait is measured in 2 environments, the genetic correlation also indicates whether they are the same trait or not (Falconer and Mackay, 1996) and whether the environmental factors (e.g., feeding regimen) influence the performance of the steers. Kelly et al. (2010) reported zero phenotypic correlations between FD and DMI, whereas Robinson and Oddy (2004) reported positive phenotypic correlations. The negative correlation between DMI and FR was unexpected in this study. It could imply that steers that ate slowly (per feeding event) eventually ate more DM in a day than steers that had faster rate of intake per feeding event. Nkrumah et al. (2007) reported 0.49, 0.50, and 0.18 as correlations between RFI and FD, HDT, and FF, respectively. These were very similar to the phenotypic correlations obtained in the finisher-fed period. Lancaster et al. (2009) reported 0.23, 0.36, and 0.53 as phenotypic correlations between DMI with meal duration, head-down duration, and FR, respectively; DMI and meal frequency were uncorrelated, whereas the correlations between RFI with meal duration, headdown duration, and meal frequency were 0.41, 0.38, and 0.26, respectively. Similar to previous studies (Golden et al., 2008; Lancaster et al., 2009 ), the phenotypic correlations between RFI and FR from this study were not different from zero for the finisher-fed period. Robinson and Oddy (2004) reported a low correlation (0.14) between RFI and FR. The results from the finisher-fed periods also disagreed with the conclusions of Bingham et al. (2009) that FR has a strong relationship with RFI. This could be due to several differences. They used heifers for their study, which may indicate major biological differences from steers. In addition, their sample size (n = 18/group) was relatively small, and they recorded feeding behavior using video cameras. The correlation between DMI with FD, HDT, and FF suggests that FD or HDT and FF may be included as covariates (measures of animal activity) in the model for calculating RFI.
The genetic correlations between the 2 feeding periods for FD, HDT, and FF indicate that the feeding behavior traits evaluated in both feeding regimens were identical traits. On the other hand, FR may not be regarded as an identical trait because of the size of the genetic correlation between the 2 feeding periods. It may also indicate that there may be animal × feeding regimen interaction for FR.
The results here agree with the reports of Nkrumah et al. (2007) and Gibb et al. (1998) that measures of feeding behavior in cattle are generally consistent. Unlike the previous studies, the findings here provide more evidence in this regard because the same animals were measured twice for the same trait. The correlations between DMI and measures of feeding behavior support the findings of Nkrumah et al. (2007) that feeding behavior traits in cattle may be connected with pathways regulating hunger and satiety. The authors reported a negative genetic correlation between DMI and FF (−0.74); however, the results here were lower. Compared with the genetic correlation reported by Nkrumah et al. (2007) for DMI with FD (0.56) and HDT (0.59), our results were lower and negative for both feeding periods. Robinson and Oddy (2004) did not observe any genetic correlation between DMI and feeding time (0.03).
Apart from FD and HDT, FR and FF were more heritable when the finisher diet was fed. The heritabilities obtained in this study were lower than those of Nkrumah et al. (2007) for FD (0.28) and HDT (0.33), whereas the FF (0.38) was less in their study. They obtained heritability estimates for each measure of feeding behavior as the average estimate of pair-wise bivariate analyses with other traits which might have caused the disparity between their results and those obtained during the finisher-fed period. Robinson and Oddy (2004) also obtained larger heritability estimates for feeding time (0.36) and eating rate (0.51), but their heritability estimate for FF was lower.
Further studies may be required to investigate how these measures of feeding behavior relate to general steer activities. This will advance our understanding about the proportion of total animal activity represented by these measures of feeding behavior. It is also important to investigate other measures of feeding behavior such as the pressure exerted by animals during feeding in an effort to gain better understanding of the unexplained portions of the variation in feed intake and feed efficiency.
Regardless of the feeding regimen, including feeding behavior traits to a model containing ADG, MWT, and UBF improved the proportion of variation accounted for in DMI. In general, this study found that feeding behavior phenotypes were numerically larger for P1 compared with P2. The differences between the RFI classes were consistent regardless of the feeding regimen. Efficient steers consistently had fewer observations of feeding behavior than inefficient steers. The measures of feeding behavior may be used (to an extent) as indicator traits for feed efficiency. Finally, genetic correlations between FD, HDT, and FF measured on the grower-fed and finisher-fed periods provide evidence that these pairs are identical traits.
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